We study the macroeconomic effects of diverse uncertainty shocks in a DSGE model with labor search frictions and sticky prices. In contrast to a real business cycle model, the model with search frictions implies that uncertainty shocks to productivity can reduce potential output, because a job match represents a long-term employment relation and productivity uncertainty reduces the value of a match. In the sticky-price equilibrium, uncertainty shocks-regardless of their sources-consistently raise unemployment and lower inflation. We present empirical evidence-based on a vector-autoregression model and using a few alternative measures of uncertainty-that supports the theory's prediction that uncertainty shocks act like aggregate demand shocks.
I. Introduction
Since the Great Recession and following the influential work by Bloom (2009) , there has been a rapidly growing literature that studies the macroeconomic effects of uncertainty shocks. Most of the studies focus on the effects of uncertainty on real activity such as investment and output. Less is known about the joint effects of uncertainty on inflation and unemployment, and thus about the trade-off that policymakers may face in an environment of heightened uncertainty.
In this paper, we provide a theoretical framework and some empirical evidence to show that uncertainty shocks consistently act like aggregate demand shocks, which raise unemployment and lower inflation. This finding suggests that uncertainty presents no trade-off between stabilizing output and inflation. Indeed, policymakers react to an increase in uncertainty by lowering the nominal interest rate, both in our model and in the data.
To study the macroeconomic effects of uncertainty, we consider a dynamic stochastic general equilibrium (DSGE) framework that incorporates labor search frictions and nominal rigidities. The type of search frictions that we consider takes its root from the original contributions by Diamond (1982) and Mortensen and Pissarides (1994) . In this model, we show that, in contrast to a standard real business cycle (RBC) model, uncertainty shocks can be contractionary in the flexible-price equilibrium. In the RBC framework, a rise in uncertainty is expansionary because it triggers a a decline in consumption and thus an increase in the household's willingness to work (Basu and Bundick, 2011) . In contrast, in a model with search frictions, positive uncertainty shocks to productivity are contractionary. Because of the long-term nature of employment relations in the presence of search frictions, firms are reluctant to hire new workers when productivity is more uncertain. More specifically, the value of the firm is concave in productivity. Therefore, more uncertain productivity lowers the expected value of a filled vacancy. Firms thus respond by posting fewer vacancies, leading to a reduction in the job finding rate and an increase in the unemployment rate.
Interestingly, as in the RBC model, uncertainty shocks to preferences or government spending (financed with lump sum taxation) are expansionary even with search frictions. However, the effect operates mainly through an interest-rate channel. Heightened uncertainty leads to a stronger precautionary saving motive for the households and thus to a decline in the real interest rate. Because of the long-term nature of employment relationships, a decline in interest rates raises firms' expected value from employment matches. Firms respond by creating more vacancies and the unemployment rate declines as the job finding rate increases.
In the sticky-price equilibrium, however, uncertainty shocks-regardless of their sourcesunambiguously act like a negative aggregate demand shock. Specifically, heightened uncertainty raises unemployment and lowers inflation. As the output gap rises and inflation falls, monetary policy makers react by lowering the nominal interest rate. Our results thus suggest that even when uncertainty shocks can have "supply-side" effects that lower potential output, which ceteris paribus could be inflationary, the demand effects of uncertainty shocks dominate. In equilibrium, unemployment rises and inflation falls following an uncertainty shock.
These predictions from our theoretical model are supported by empirical evidence, as we show in the second part of the paper. To examine the macroeconomic effects of uncertainty shocks in the data, we consider a few alternative measures of uncertainty and we estimate a vector-autoregression (VAR) model that includes a measure of uncertainty, unemployment, inflation, and a short-term nominal interest rate. 1 A consistent pattern emerges from our 1 We have considered 4 different measures of uncertainty, including the VIX index studied extensively by Bloom (2009) , the policy uncertainty index constructed by Baker, Bloom, and Davis (2011) , and 2 survey-based measures constructed by ourselves. The first measure that we construct is taken from the Michigan Survey of Consumers in the United States and the second measure is constructed from the CBI Industrial Trends Survey of firms in the United Kingdom. Both surveys tally responses that make explicit empirical exercises: uncertainty raises unemployment, lowers inflation, and policymakers accommodate by lowering the nominal interest rate. Thus, both theory and evidence suggest that uncertainty acts like aggregate demand shocks.
Our emphasis on the demand effects of uncertainty relates closely to that in Basu and Bundick (2011) , who highlight the importance of nominal rigidities for uncertainty shocks to generate simultaneous declines in real macroeconomic variables. There are two key differences between our approach and theirs. First, we incorporate labor search frictions in the DSGE model with sticky prices. Their sticky-price model, instead, is built on the standard RBC framework that abstracts from long-term employment relations. In our model, long-term employment relations are crucial for understanding the effects of uncertainty on potential output and equilibrium unemployment. Second, we provide evidence to show that the key prediction of our theory that uncertainty acts like a demand shock is a robust feature of the data. Such evidence, to our knowledge, is new to the literature.
Our work adds to the recent rapidly growing literature that studies the macroeconomic effects of uncertainty shocks in a DSGE framework. For example, Bloom, Floetotto, and Jaimovich (2010) study a DSGE model with heterogeneous firms and non-convex adjustment costs in productive inputs. They find that a rise in uncertainty makes firms pause hiring and investment and thus leads to a large drop in economic activity. They focus on real economic activity and abstract from the effects of uncertainty on inflation and monetary policy.
Uncertainty shocks can have important interactions with financial factors (Gilchrist, Sim, and Zakrajsek, 2010; Arellano, Bai, and Kehoe, 2011) . In a recent study, Christiano, Motto, and Rostagno (2012) present a DSGE model with a financial accelerator in the spirit of Bernanke, Gertler, and Gilchrist (1999) . They find that risk shocks (i.e., changes in the volatility of cross-sectional idiosyncratic uncertainty) play an important role for shaping the U.S. business cycles.
The effects of fiscal policy uncertainty on real economic activity is examined by Fernandez-Villaverde, Guerron-Quintana, Kuester, and Rubio-Ramirez (2011) in a New Keynesian model calibrated to the U.S. data. They find that an increase in fiscal policy uncertainty leads to a small contraction in aggregate output.
Most of these studies about uncertainty shocks abstract from labor search frictions and are not designed to study the impact of uncertainty shocks on labor market dynamics such as unemployment and job vacancies. An exception is Schaal (2012) , who presents a model with labor search frictions and idiosyncratic volatility shocks to study the observation in the Great Recession period that high unemployment was accompanied by high labor productivity. As references to "uncertainty" as a factor affecting the purchases of durable goods (the Michigan Survey) or capital expenditures (the CBI Survey).
in other studies discussed here, he focuses on the effects of uncertainty on real activity, not on inflation and monetary policy.
In what follows, we present the DSGE model with labor search frictions in Section II. . . .
II. Uncertainty shocks in a DSGE model with search frictions
In this section, we introduce a stylized DSGE model with two key ingredients: sticky prices and labor market search frictions. We show that incorporating search frictions in the labor market has important implications for understanding the effects of uncertainty shocks on both potential output (i.e., output in the flexible-price equilibrium) and equilibrium unemployment.
The model builds the basic framework in Blanchard and Gali (2010) . We focus on the effects of uncertainty shocks. The economy is populated by a continuum of infinitely lived and identical households with a unit measure. The representative household consists of a continuum of worker members. The household owns a continuum of firms, each of which uses one worker to produce an intermediate good. In each period, a fraction of the workers are unemployed and they search for a job. Firms post vacancies at a fixed cost. The number of successful matches are produced with a matching technology that transforms searching workers and vacancies into an employment relation. Real wages are determined by Nash bargaining between a search worker and a hiring firm.
The household consumes a basket of differentiated retail goods, each of which is transformed from the homogeneous intermediate good using a constant-returns technology. Retailers face a perfectly competitive input market (where they purchase the intermediate good) and a monopolistically competitive product market. Each retailer sets a price for its differentiated product, with price adjustments subject to a quadratic cost in the spirit of Rotemberg (1982) .
Monetary policy is described by the Taylor rule, under which the nominal interest rate responds to deviations of inflation from a target and of output from its potential.
II.1. The households. There is a continuum of infinitely lived and identical households with a unit measure. The representative household consumes and invests a basket of retail goods. The utility function is given by
where E [·] is an expectation operator, C t denotes consumption and N t denotes the fraction of household members who are employed. The parameter β ∈ (0, 1) denotes the subjective discount factor and the parameter χ measures the dis-utility from working.
The term A t denotes an intertemporal preference shock. Let γ at ≡ At A t−1 denote the growth rate of A t . We assume that γ at follows the stochastic process ln γ at = ρ a ln γ a,t−1 + σ at ε at .
(2)
The parameter ρ a ∈ (−1, 1) measures the persistence of the preference shock. The term ε at is an i.i.d. standard normal process. The term σ at is a time-varying standard deviation of the innovation to the preference shock. We interpret it as a preference uncertainty shock.
We assume that σ at follows the stationary process
where ρ sigmaa ∈ (−1, 1) measures the persistence of preference uncertainty, ε σa,t denotes the innovation to the preference uncertainty shock and is a standard normal process, and σ σa denotes the (constant) standard deviation of the innovation.
The representative household is a family consisting of a continuum of workers with a unit measure. The family chooses consumption {C t } and saving {B t } to maximize the utility function in (1) subject to the sequence of budget constraints
where P t denotes the price level, B t denotes the household's holdings of a nominal risk free bond, R t denotes the nominal interest rate, w t denotes the real wage rate, φ denotes an unemployment benefit, d t denotes profit income from the household's ownership of intermediate goods producers and of retailers, and T t denotes lump-sum taxes. Optimal bond-holding decisions result in the intertemporal Euler equation
where Λ t denotes the marginal utility of consumption and π t ≡ Pt P t−1 denotes the inflation rate.
II.2. The aggregation sector. Denote by Y t the final consumption goods, which is a basket of differentiated retail goods. Denote by Y t (j) a type j retail good for j ∈ [0, 1]. We assume
where η > 1 denotes the elasticity of substitution between differentiated products.
Expenditure minimizing implies that demand for a type j retail good is inversely related to the relative price, with the demand schedule given by
where Y d t (j) and P t (j) denote the demand for and the price of retail good of type j, respectively. The price index P t is related to the individual prices P t (j) through the relation
II.3. The retail goods producers. There is a continuum of retail goods producers, each producing a differentiated product using a homogeneous intermediate good as input. The production function of retail good of type j ∈ [0, 1] is given by
where X t (j) is the input of intermediate goods used by retailer j and Y t (j) is the output. The retail goods producers are price takers in the input market and monopolistic competitors in the product markets, where they set prices for their products, taking as given the demand schedule in (7) and the price index in (8).
Price adjustments are subject to the quadratic cost
where the parameter Ω p ≥ 0 measures the cost of price adjustments and π denotes the steady-state inflation rate. Here, we assume that price adjustment costs are in units of aggregate output.
A retail firm that produces good j solves the profit maximizing problem
where q t+i denotes the relative price of intermediate goods in period t + i. The optimal price-setting decision implies that, in a symmetric equilibrium with P t (j) = P t for all j, we
Absent price adjustment cost (i.e., Ω p = 0), the optimal pricing rule implies that real marginal cost q t equals the inverse of the steady-state markup.
II.4. The Labor Market. In the beginning of period t, there are u t unemployed workers searching for jobs and there are v t vacancies posted by firms. The matching technology is described by the Cobb-Douglas function
where m t denotes the number of successful matches and the parameter α ∈ (0, 1) denotes the elasticity of job matches with respect to the number of searching workers. The term µ scales the matching efficiency.
The probability that an open vacancy is matched with a searching worker (or the job filling rate) is given by
The probability that an unemployed and searching worker is matched with an open vacancy (or the job finding rate) is given by
In the beginning of period t, there are N t−1 workers. A fraction ρ of these workers lose their jobs. Thus, the number of workers who survive the job separation is (1 − ρ)N t−1 . At the same time, m t new matches are formed. Following the timing assumption in Blanchard and Gali (2010), we assume that new hires start working in the period they are hired. Thus, aggregate employment in period t evolves according to
With a fraction ρ of employed workers separated from their jobs, the number of unemployed workers searching for jobs in period t is given by
Following Blanchard and Gali (2010) , we assume full participation and define the unemployment rate as the fraction of the population who are left without a job after hiring takes place in period t. Thus, the unemployment rate is given by
II.5. The firms (intermediate good producers). A firm can produce only if it can successfully match with a worker. The production function for a firm with one worker is
given by
where x t is output and Z t is an aggregate technology shock. The technology shock follows the stochastic process
The parameter ρ z ∈ (−1, 1) measures the persistence of the technology shock. The term ε zt is an i.i.d. innovation to the technology shock and is a standard normal process. The term σ zt is a time-varying standard deviation of the innovation and we interpret it as a technology uncertainty shock. We assume that the technology uncertainty shock follows the stationary stochastic process
where the parameter ρ σz ∈ (−1, 1) measures the persistence of the technology uncertainty, the term ε σz,t denotes the innovation to the technology uncertainty and is a standard normal process, and the parameter σ σz > 0 is the standard deviation of the innovation.
If a firm finds a match, it obtains a flow profit in the current period after paying the worker.
In the next period, if the match survives (with probability 1 − ρ), the firm continues; if the match breaks down (with probability ρ), the firm posts a new job vacancy at a fixed cost κ, with the value V t+1 . The value of a firm with a match is therefore given by the Bellman equation
If the firm posts a new vacancy in period t, it costs κ units of final goods. The vacancy can be filled with probability q v t , in which case the firm obtains the value of the match. Otherwise, the vacancy remains unfilled and the firm goes into the next period with the value V t+1 .
Thus, the value of an open vacancy is given by
Free entry implies that V t = 0, so that
Substituting (22) into (21), we obtain
(23) II.6. Workers' Value Functions. If a worker is employed, she obtains wage income and suffers a utility cost for working in period t. In period t + 1, the match is dissolved with probability ρ and the separated worker can find a new match with probability q u t+1 . Thus, with probability ρ(1 − q u t+1 ), the worker who gets separated does not find a new job in period t + 1 and thus enters the unemployment pool. Otherwise, the worker continues to be employed. The (marginal) value of an employed worker therefore satisfies the Bellman equation
where J U t denotes the value of an unemployed household member. If a worker is currently unemployed, then he obtains an unemployment benefit and can find a new job in period t + 1 with probability q u t+1 . Otherwise, he stays unemployed in that period. The value of an unemployed worker thus satisfies the Bellman equation
II.7. The Nash Bargained Wage. Firms and workers bargain over wages. The Nash bargaining problem is given by
where b ∈ (0, 1) represents the bargaining weight for workers.
Define the total surplus as
Then the bargaining solution is given by
It then follows from equations (24) and (25) that
Given the Nash wage w N t , this last equation determines the total surplus S t . The Nash bargaining wage can be obtained by using (22), (28), and (29). In particular, we have
Thus, the Nash bargaining wage is a weighted average of the worker's reservation value and the firm's productive value of a job match. By forming a match, the worker incurs a utility cost of working and foregoes the unemployment benefit; the firm receives the marginal product from labor in the current period and saves the vacancy cost from the next period.
II.8. Government policy. The government finances exogenous spending G t and unemployment benefit payments φ through lump-sum taxes. We assume that the government balances the budget in each period so that
We assume that government spending to output ratio g t ≡ Gt Yt follows the stationary stochastic process
where ρ g ∈ (−1, 1) is the persistence parameter, the innovation ε gt is an i.i.d. standard normal process, and σ gt is the time-varying standard deviation of the innovation. We interpret σ gt as an uncertainty shock to government spending (or fiscal policy uncertainty).
The fiscal policy uncertainty shock follows the stationary stochastic process
where the parameter ρ σg ∈ (−1, 1) measures the persistence of the uncertainty shock to government spending, the term ε σg,t denotes the innovation to the uncertainty shock and is a standard normal process, and the parameter σ σg > 0 is the standard deviation of the innovation.
The government conducts monetary policy by following the Taylor rule
where the parameter φ π determines the aggressiveness of monetary policy against deviations of inflation from the target π * and φ y determines the extent to which monetary policy accommodates output fluctuations. The parameter r denotes the steady-state real interest rate (i.e., r = R π ).
II.9. Search Equilibrium. In a search equilibrium, the markets for bonds, capital, final consumption goods, and intermediate goods all clear.
Since the aggregate supply of the nominal bond is zero, the bond market-clearing condition implies that
Goods market clearing implies the aggregate resource constraint
where Y t denotes aggregate output of final goods.
Intermediate goods market clearing implies that
III. Economic implications from the DSGE model
To examine the macroeconomic effects of uncertainty shocks in our DSGE model, we calibrate the model parameters and simulate the model to examine impulse responses of macroeconomic variables to a few alternative sources of uncertainty shocks. We focus on the responses of unemployment, inflation, and the nominal interest rate following an uncertainty shock.
III.1. Calibration. We calibrate the structural parameters to match several steady-state observations. For those structural parameters that do not affect the model's steady state, we calibrate their values to be consistent with other empirical studies in the literature. The structural parameters to be calibrated include β, the subjective discount factor; χ, the disutility of working parameter; η, the elasticity of substitution between differentiated retail products; α, the elasticity of matching with respect to searching workers; ρ, the job separation rate; φ, the flow unemployment benefits (in final consumption units); κ, the fixed cost of positing vacancies; b, the Nash bargaining weight; Ω p , the price adjustment cost parameter;
φ π , the Taylor-rule coefficient for inflation; and φ y , the Taylor-rule coefficient for output. In addition, we need to calibrate the parameters in the shock processes. The calibrated values of the model parameters are summarized in Table 1 .
We set β = 0.99, so that the model implies a steady-state real interest rate of 4 percent per annual. We set η = 10 so that the average markup is about 10 percent, in line with the estimates obtained by Basu and Fernald (1997) and others. We set α = 0.5 following the literature (Blanchard and Gali, 2010; Gertler and Trigari, 2009 ). We set ρ = 0.1, which is consistent with an average monthly job separation rate of about 3.4 percent as in the JOLTS data for the period from 2001 to 2011. Following Hall and Milgrom (2008) , we set φ = 0.25 so that unemployment benefit is about 25 percent of normal earnings. We set b = 0.5 following the literature.
We choose the value of the vacancy cost parameter κ so that, in the steady state, the total cost of vacancy posting is about 2 percent of gross output. To assign a value of κ then requires knowledge of the steady-state number of vacancies v and the steady-state level of output Y . We calibrate the value of v such that the steady-state vacancy filling rate is q v = 0.7 and the steady-state unemployment rate is U is 6 percent, as in den Haan, Ramey, and Watson (2000). Given the steady-state value of the job separation rate ρ = 0.1, we obtain m = ρN = 0.094. Thus, we have v = m q v = 0.094 0.7 = 0.134. To obtain a value for Y , we use the aggregate production function that Y = ZN and normalize the level of technology such that Z = 1. This procedure yields a calibrated value of κ = 0.14.
Given the steady-state values of m, u, and v, we use the matching function to obtain an average matching efficiency of µ = 0.65. To obtain a value for χ, we solve the steady-state system so that χ is consistent with an unemployment rate of 6 percent. The process results in χ = 0.65.
The price adjustment cost parameter Ω p and the Taylor-rule parameters φ π and φ y do not affect the model's steady state. We calibrate these parameters to be consistent with empirical studies in the literature. We set Ω p = 112 so that the slope of the Phillips curve in the model corresponds to that in a Calvo staggered price-setting model with 4 quarters of price contract duration.For the Taylor rule parameters, we set φ π = 1.5 and φ y = 0.2.
The model does not provide information for the parameters in the exogenous shock processes. For purpose of illustration, we normalize the steady-state levels of the shocks such that γ a = 1, Z = 1. We set π = 1.005, so that the steady-state inflation rate is about 2 percent per annual, corresponding to the Federal Reserve's implicit inflation objective. We set g = 0.2 so that the steady-state ratio of government spending to aggregate output is about 20 percent. We also normalize the mean values of the uncertainty shocks so that σ k = 0.01 for k ∈ {a, z, g}. We set the standard deviation of the innovation to each uncertainty shock to σ σ k = 1, so that a one standard deviation shock to uncertainty represents a 100 percent increase in the level of uncertainty (i.e., the shock leads to a doubling of the level of uncertainty). The persistence parameters for all shocks, including the level shocks and the uncertainty shocks, are set to ρ k = 0.90 for k ∈ {a, z, g, σ a , σ z , σ g }.
III.2. Macroeconomic effects of uncertainty shocks. We solve the model using third order approximations around the steady state. We then compute the impulse responses following an uncertainty shock. We consider 3 different types of uncertainty shocks: (1) preference uncertainty σ at ; (2) technology uncertainty σ zt ; (3) and fiscal policy uncertainty σ gt . We show that incorporating search frictions renders the transmission mechanism for uncertainty shocks quite different from that of the standard New Keynesian model. III.2.1. Potential output effects of uncertainty. We first consider the effects of uncertainty shocks in the flexible-price version of the DSGE model. We first show that the impact of uncertainty shocks on potential (flexible-price) ouptut in the presence of search frictions differs substantially from its effect in the standard RBC model with spot labor markets.
In the standard RBC model, uncertainty shocks, regardless of their sources, are expansionary since heightened uncertainty lowers consumption and thus creates an incentive for households to work harder at any given wage rate (Basu and Bundick, 2011) . Thus, the RBC model predicts that heightened uncertainty raises potential output.
The long-term employment relations stemming from search frictions create a different channel for uncertainty shocks to affect potential output. In our model, uncertainty shocks to preferences and government spending still raise potential output, as in the RBC model, although the shocks work through a different channel. A more uncertain environment induces households to save more and leads to a higher marginal utility of consumption in the future, which lowers the real interest rate (or equivalently, raises the stochastic discount factor).
Since a firm represents a long-term employment relationship with a worker, the value of the firm equals the discounted sum of future profits. Therefore, the decline in the real interest rate raises the value of a filled vacancy and the firm's value. Firms respond by creating more vacancies, making it easier for searching workers to find jobs. As a result, the job finding rate rises and the unemployment rate falls. Figures 1 and 2 show the impulse responses of a few macroeconomic variables in the flexible-price equilibrium following a shock to preference uncertainty and to government spending uncertainty, respectively. The patterns of the responses confirm the transmission mechanism of uncertainty shocks we have just described. Unlike the RBC model, however, uncertainty shocks are not always expansionary for potential output in the model with search frictions. Figure 3 shows that uncertainty shocks to productivity have contractionary effects on potential output, as unemployment rises. This result obtains because a job match represents a long-term relation between a firm and a worker, so that heightened uncertainty in productivity reduces the value of a filled vacancy.
More precisely, firm value is a concave function of the level of productivity. Thus, an increase productivity uncertainty reduces the expected firm value. Firms respond by posting fewer vacancies. Thus, the job finding rate declines and the unemployment rate rises.
The decline in potential output following uncertainty shocks to productivity is important since it implies that, ceteris paribus, they could be inflationary in an environment with sticky prices to the extent that they reduce the output gap. Thus, in principle, uncertainty shocks to productivity could create an important trade-off for policymakers between stabilizing inflation and unemployment, similar to the effects of a cost-push shock. To study the effects of uncertainty shocks on inflation and the associated policy trade-offs, we now turn to a version of our model with nominal rigidities III.2.2. Aggregate demand effects of uncertainty. In this section. we show that, with sticky prices, uncertainty shocks unambiguously act like an aggregate demand shock that reduces real activity, raises unemployment, and lowers inflation, irrespective of their effects on potential output. Figures 4 through 6 show that, for all three types of uncertainty shocks, uncertainty indeed acts like an aggregate demand shock, once nominal rigidities are introduced.
While the impact of higher uncertainty on households saving and on firms value documented above are still present when prices are sticky, it is largely dominated by a strong negative effect of uncertainty shocks on aggregate demand that pushes the economy into recession (see also Basu and Bundick (2011) for the importance of sticky prices in generating declines in output following uncertainty shocks in an otherwise standard RBC framework). 
IV. The Macroeconomic Effects of Uncertainty Shocks: Evidence
We now present empirical evidence that supports the predictions of our theoretical model.
To examine the macroeconomic effects of uncertainty shocks in the data, we estimate a vector-autoregression (VAR) model that includes a measure of uncertainty and a few macroeconomic variables. 2 We consider four alternative measures of uncertainty, including two new measures of perceived uncertainty by households and firms that we construct from the Michigan Survey of Consumers and from the CBI Industrial Trends Survey of firms in the United Kingdom; the VIX index, which measures the implied volatility of the S&P 500 stock price index and is a standard gauge of uncertainty following the work of Bloom (2009) ; and the measure of economic policy uncertainty recently developed by Baker, Bloom, and Davis (2011) .
While the VIX index and policy uncertainty are both standard, the two survey-based measures of uncertainty are new and deserve some explanations. We begin with the consumers' perceived uncertainty constructed from the Michigan Survey.
Each month since 1978 the Michigan Survey conducts interviews of about 500 households throughout the United States asking question ranging from their perception of business conditions to expectations of future movements in prices. More important for our analysis, the survey also tallies the fraction of respondents who report that "uncertain future"is a factor that will likely limit their expenditures on durable goods (such as cars) over the next 12 months. 3
Similarly, since 1978, the CBI surveys a large sample of roughly 1,100 firms in the United Kingdom each quarter. From this survey, we use the fraction of firms that report "uncertainty about demand" as a factor limiting their capital expenditures over the next 12 months. 4 So, U.K. firms are asked about a specific form of uncertainty (i.e., about the demand for their products), whereas no such specificity is attached to the measure of uncertainty in the Michigan survey. Bachmann, Elstner, and Sims (2011), and Baker, Bloom, and Davis (2011) . Existing studies focus on the effects of uncertainty on real economic activity such as employment, investment, and output. We focus on the joint effects of uncertainty on unemployment and inflation.
3 For instance, the question to vehicle purchases is "Speaking now of the automobile market-do you think the next 12 months or so will be a good time or a bad time to buy a vehicle, such as a car, pickup,van or sport utility vehicle? Why do you say so?" Reasons related to uncertainty are then compiled. Note that the series is weighted by age, income, region, and sex to be nationally representative. 4 The questions asked by the CBI is "What factors are likely to limit (wholly or partly) your capital expenditure authorisations over the next twelve months?" Participants can choose "uncertainty about demand" as one of six options. Firms can also provide other reasons. Finally, multiple reasons can be chosen.
We examine the macroeconomic effects of uncertainty shocks in a baseline VAR model with 4 variables. These variables include a measure of uncertainty, the unemployment rate, the CPI inflation rate, and the 3-month Treasury bills rate. We first look at the transmission of uncertainty shocks using the measure of consumer uncertainty from the Michigan Survey.
Using a recursive Cholesky identification scheme, we consider two alternative strategies to identify a shock to uncertainty. First, we take advantage of the timing of the survey relative to the release dates of the macroeconomic time series and place the measure of uncertainty first in a recursive ordering (Leduc, Sill, and Stark, 2007; Auerbach and Gorodnichenko, 2012; Leduc and Sill, forthcoming) . 5 With this ordering, we implicit assume that uncertainty does not respond to macroeconomic shocks in the impact period, while unemployment, inflation, and the nominal interest rate are allowed to change on impact of an uncertainty shock.
Second, to examine the robustness of our results, we estimate an alternative VAR model with the same 4 variables, but with uncertainty ordered last. While the timing of the survey relative to macroeconomic data releases imply that survey respondents do not possess complete information about the macroeconomic data in the current period, we cannot rule out that they observe other, possibly higher-frequency variables, that give them information about the time t realizations of the variables in the VAR model. By ordering uncertainty last in the VAR model, we allow it to respond to contemporaneous macroeconomic shocks in the system. However, the estimated impulse responses of macroeconomic variables to uncertainty shocks are remarkably similar across the two very different identification strategies. inflation, and interest rates, but do not know the current realizations of these macroeconomic indicators since that information has yet to be made public. Hence, our identification strategy uses the fact that when answering questions at time t about their expectations of the future, the information set on which survey participants condition their answers will not include, by construction, the time t realizations of the unemployment rate and the other variables in our VAR. Similarly, the questionnaires for the CBI survey must be returned by the middle of the first month of each quarter. Again, the design of the survey implies that participants have information about the values of the variables in the VAR for the previous quarter when they filled in the survey, but they do not know those values for the current quarter.
Heightened uncertainty also leads to a significant and persistent decline in inflation, with the peak effect also occurring roughly 12 months after the shock. To summarize, the estimated VAR models using diverse measures of uncertainty and alternative identification strategies highlight, at a minimum, a robust comovement between uncertainty, inflation, and unemployment that supports our model's predictions.
V. Conclusion
In this paper, we study the macroeconomic effects of uncertainty shocks and show that uncertainty shocks act like aggregate demand shocks both in theory and empirically. We present a DSGE model with search frictions and nominal rigidities. We show that the long-term nature of employment relationships in this framework significantly alters the transmission of uncertainty shocks compared to the standard RBC model or the New Keynesian models built on the RBC framework. When prices are flexible, uncertainty shocks to preferences and government spending have expansionary effects on potential output, as in the RBC framework.
But different from the RBC framework, these shocks in our model transmit through declines in the real interest that boost the value of the firm, resulting in more vacancy postings and lower unemployment. Uncertainty shocks to productivity, however, have contractionary effects on potential output. Uncertainty in productivity reduces the expected value of a job match, and firms respond by reducing posting vacancies, resulting in higher unemployment.
The decline in potential output following uncertainty shocks to productivity is important since it implies that, ceteris paribus, such shocks could be inflationary in an environment with sticky prices to the extent that they lead to a fall in the output gap. However, in the presence of sticky prices in our model with search frictions, uncertainty shocks-regardless of their sources-always act like aggregate demand shocks.
We have documented robust evidence that supports the theory's predictions. Our estimated VAR models show that an increase in the level of uncertainty leads to a rise unemployment and declines in inflation and the nominal interest rate. This result is robust to alternative measures of uncertainty, alternative identification strategies, and alternative model specifications. Overall, both theory and evidence suggest that uncertainty shocks are aggregate demand shocks. Figure 1 . Impulse responses of macroeconomic variables to preference uncertainty shock in the DSGE model with flexible prices. Figure 11 . The effects of a one-standard deviation shock to perceived uncertainty in the CBI Industrial Trends Survey in the United Kingdom. 
